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I. INTRODUCTION
1. Object and Scope of Investigation
In the fabrication of steel structures, butt welds are used to
connect steel plates under a variety of conditions. The tests reported
in this bulletin were planned to determine the fatigue strength of
several types of butt welds under conditions similar to those en-
countered in practice. One condition studied is that of a joint in a
thick plate under loads that produce a relatively low stress in the
joint. The girth seam of a cylindrical pressure vessel is a well known
and frequent example. The question has been raised whether a
partial-penetration weld' might not be used under these conditions,
with a considerable reduction in the cost of welding and without a
reduction in safety even under conditions conducive to fatigue
failure. As an answer to this question a considerable part of this
bulletin consists of the results of fatigue tests of partial-penetration
butt welds connecting 7 8-in. A7 steel plates. Both longitudinal and
transverse partial-penetration welds were tested. Some were tested in
the as-welded condition; for others, the reinforcement was machined
off. Specimens with the reinforcement on were tested at room
temperature, and at -20 deg F.
The object of a second group of tests was to determine the fatigue
strength of 4 series of specimens each of which consisted of a '-in.
A7 steel plate connected by single-V transverse butt welds from which
the reinforcement had been removed. The specimens of two series
were welded with E6010 electrodes; of the other two, with E6012
electrodes. For each group of two series, the specimens of one series
were tested without being stress-relieved; for the second series they
were stress-relieved by a high-temperature method.
A third group of tests consisted of eight series of tests for which
the specimens were l-in. plates connected with longitudinal single-V
butt welds. The specimens of four of these series were tested with
the reinforcement on; for the other four series the reinforcement
was machined off. For each group of four series, the specimens of
one series were tested without being stress-relieved; for the other
three series of each group, the specimens for one series were stress-
relieved by a high-temperature method, for a second series they were
stress-relieved by a low-temperature method, for the third series
they were stress-relieved by a mechanical method. All these tests
SThe term "partial-penetration weld" is used throughout this bulletin to indicate groove
welds which have a total depth of groove less than the thickness of the piece. See Fig. 3, p. 17.
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of single-V butt-weld specimens were made at room temperature
(approximately 75 deg F).
All these above series of tests are described in Table 1.
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TABLE 1
DESCRIPTION OF SPECIMENS FOR ALL SERIES*
Factor Being Serie om Diretion Reinforce- Stress- Temperature
Studied No. . ment Relieved henTested,tion, in. Weld deg F
Butt Welds in %-in. A7 Steel Plate; Electrode E6010; Not Stress-Relieved
Partial A-I 1 Long. On No Room
Penetration A-II i6 Long. On No Room
A-III 1 Long. On No -20
B-I 4 Trans. On No Room
B-II ýl6 Trans. On No Room
B-III Trans. On No -20
D-I 1 Long. Off No Room
D-II 1 Trans. Off No Room
D-III i6 Long. Off No Room
D-IV ias Trans. Off No Room
P-I No Weld No Room
Single-V Butt Welds in Y-in. A7 Steel Plate; Electrode E6012 for Series H-I and H-II;
Electrode E6010 for all others
Kind of F-I Trans. Off No Room
Electrode F-III Trans. Off Yest Room
H-I Trans. Off No Room
H-II Trans. Off Yest Room
F-V No Weld No Room
Single-V Butt Weld in %-in. A7 Steel Plate; Electrode E6010
G-I Long. On No Room
G-II Long. On - Yest Room
G-IV Long. Off No Room
G-V Long. Off Yest Room
G-III Long. On Yes¶ Room
G-VI Long. Off Yes¶ Room
H-III Long. On Yes§ Room
H-IV Long. Off Yes§ Room
* The results of these tests are summarized in Tables 11, 21, and 33.
t The various methods of stress-relieving are described on pp. 45-46.i High-temperature method.¶ Mechanical method.
§ Low-temperature method.
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3. Description of Tests
The fatigue tests described in this bulletin were planned to deter-
mine the fatigue strength of the specimens when tested on a cycle
in which the stress varied from 0 to a maximum tension. Some tests
were planned to give the fatigue strength corresponding to failure
at 100,000 cycles, designated as Floo ooo; other tests were planned to
give the fatigue strength corresponding to failure at 2,000,000 cycles,
designated as F 2 ooo ooo000
The values of Floo o00 and F2 ooo ooo were computed from the results
of the tests by means of the empirical equation 1 F. = S (N/n)K, in
which S, numerically, is the maximum stress in the stress cycle, N is
the number of cycles for failure for the test in question, K is an ex-
perimental constant whose value depends upon such factors as the
geometrical characteristics of the specimen and the mechanical
properties of the metal, and F. is the fatigue strength corresponding
to failure at n number of cycles. The value of K for each series was
determined from the slope of the S-N (stress-number of cycles for
failure) diagram for the series in question, and has different values
for different types of specimens. The error in F. resulting from the
use of an inaccurate value of K depends upon the amount by which
the ratio N/n differs from unity. The following arbitrary rule was fol-
lowed in deciding whether the results of a particular test were to be
used to determine Floo ooo or F 2 000 000ooo. Values of Floo ooo were deter-
mined from tests for which n was less than 600,000; values of F2 ooo ooo
were determined from tests for which n was greater than 300,000;
and values of both Floo ooo and F ooo oo000 were determined from tests
for which n was more than 300,000 and less than 600,000. If the
number of cycles for failure exceeded 2,000,000, the value of the maxi-
mum stress in the stress cycle was reported as the value of F2 000 000oo.
This value is followed by a plus sign (+), indicating that the actual
value is somewhat greater than the value reported.
The chemical composition of the plates as determined by mill
1 See Univ. of Ill. Eng. Exp. Sta. Bul. 302, p. 111.
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tests is given in Table 2 for each of the parent plates. The location
in the parent plate of each fatigue specimen and each control speci-
men is shown in Figs. 1 and 2. The mechanical properties of the parent
plates as determined by static tests of the standard control specimens
are given in Table 3. The welding procedures for the welds of the
various series are given in Tables 4 and 5. Table 4 presents the pro-
cedure for the partial-penetration butt welds; Table 5 presents the
procedure used for the single-V butt welds of Series F, G, and H.
The E6010 and E6012 electrodes used for Series F, G, and H
are in common use for general structural welding; hence they have
TABLE 2
CHEMICAL COMPOSITION OF ALL PLATES AS GIVEN BY MILL REPORTS
Chemical Composition, percent
Plate Series Thickness,in.
C Mn P S
A, B, C A, B, P V 0.20 0.55 0.018 0.028
D D V 0.25 0.53 0.018 0.038
F, G, H F, G, H Y2 0.21 0.48 0.013 0.037
been compared in this program. Both types are considered as "All-
Position" electrodes. Electrodes of the E6010 class are used on
reversed polarity, direct current only, and produce a deep pene-
trating weld. The E6012 type electrode is used on either alternating
current or straight polarity, direct current, and produces a weld of
medium penetration.
Static tests were also made on fatigue-type specimens - that
is, specimens identical with the specimens used in the fatigue tests.
The results of these static tests are reported with the results of the
fatigue tests.
A description of the various types of specimens and the results
of the tests are given in the following sections.
All plates were of ASTM A7 carbon steel. All tests were on a
cycle: 0 to tension. Unless otherwise specified, all tests were at room
temperature (approximately 75 deg F) and the specimens were tested
in the as-welded condition (reinforcement on, not stress-relieved).
BUL. 384. FATIGUE STRENGTH OF BUTT WELDS
P/afe A
P/afe C
FIG. 1. LOCATION OF SPECIMENS IN PARENT PLATES: PLATES 7/s IN. THICK
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FIG. 2. LOCATION OF SPECIMENS IN PARENT
PLATES: PLATES 1/ IN. THICK
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TABLE 3
MECHANICAL PROPERTIES OF THE STEEL PLATES FOR ALL SERIES
(Laboratory Coupon Tests)
Coupon
Specimen
No.
XX-1
XX-2
XX-3
XX-4
Av
YY-1
YY-2
YY-3
YY-4
Av
ZZ-1
ZZ-2
ZZ-3
ZZ-4
Av
DD-1
DD-2
DD-3
DD-4
Av
FC-1
FC-2
FC-3
FC-4
Av
GC-1
GC-2
GC-3
GC-4
Av
HC-1
HC-2
HC-3
HC-4
Av
Parent
Plate
A
A
A
A
B
B
B
B
C
C
C
C
D
D
D
D
F
F
F
F
G
G
G
G
H
H
H
H
Strength in p.s.i.
Yield Point
34 600
35 700
35 600
35 200
35 300
36 800
36 000
37 100
35 400
36 300
35 600
35 300
36 100
36 000
35 800
34 800
35 000
34 500
35 100
34 900
36 700
35 800
37 700
36 600
36 700
35 500
37 500
35 500
35 900
36 100
36 000
35 200
35 800
35 200
35 550
Ultimate
62 000
61 900
61 600
61 800
61 800
61 900
61 100
60 700
61 000
61 200
59 900
58 300
DU Ouu
61 000
59 900
65 900
65 800
66 000
66 100
65 900
59 200
59 100
59 200
60 900
59 600
58 600
58 500
59 700
59 700
59 100
58 000
57 900
58 000
58 100
58 000
Elongation
in 8 in.,
percent
35
32
30
30
32
33
34
32
33
33
33
36
28a
29
32
31
29
29
26
29
30
31
32
30
31
33
32
30
31
32
31
31
30
33
31
Reduction
of Area,
percent
56
56
51
51
53
57
59
51
52
55
58
53
47
49
52
49
51
35
34
42
50
51
55
52
52
55
50
56
54
54
52
54
53
53
53
-------- ~--
I^~^^
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TABLE 4
WELDING PROCEDURES FOR PARTIAL-PENETRATION BUTT WELDS
Welding Range
Weld Weld Rod Electrode PositionPass* and Size
Amps Volts
(a) V-in. Partial-Penetration Welds
1 s" 4 E6010 150-175 38 Positive Flat
2 6'" 4 E6010 150-175 38 Positive Flat
3 Mo" 4 E6010 150-175 38 Positive Flat
4 M6" 4 E6010 150-175 38 Positive Flat
(b) 9is-in. Partial-Penetration Welds
1 32" 4, E6010 125-150 28 Positive Flat
2 1'2" 4 E6010 125-150 28 Positive Flat
3 Wi" 4 E6010 150-175 38 Positive Flat
4 1 5 " 4 E6010 150-175 38 Positive Flat
* See Figs. 3 and 4.
TABLE 5
WELDING PROCEDURES FOR SINGLE-V BUTT WELDS
Welding Range
Weld Weld Rod Electrode Position
Pass and Size
Amps Volts
(a) Procedure for All "F" Series
1* 12" , E6010 120 24 Positive Flat
2* Mi" 4 E6010 190 27 Positive Flat
3* Mes" 4 E6010 190 27 Positive Flat
4* is" 4 E6010 205 28 Positive Flat
5* io" 4 E6010 205 28 Positive Flat
(b) Procedure for All "G" Series, H-III and H-IV
It 42"  E6010 160 Normal Positive Flat
2t 61" 4 E6010 200 Normal Positive Flat
3t s1" 4 E6010 200 Normal Positive Flat
4t Me" 4, E6010 220 Normal Positive Flat
5t sW" 4 E6010 220 Normal Positive Flat
(c) Procedure for Series H-I and H-II
1 I2." 4 E6012 130 Normal Negative Flat
2$ Mi" 4, E6012 170 Normal Negative Flat
3t ~i" 4 E6012 170 Normal Negative Flat
4 Mei" 4 E6012 200 Normal Negative Flat
5$ e16" 4 E6012 200 Normal Negative Flat
* See Fig. 12.
t See Fig. 16.
9 See Fig. 12.
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II. PARTIAL-PENETRATION BUTT WELDS CONNECTING
Y7 -IN. A7 STEEL PLATES
4. Description of Specimens
The specimens with longitudinal and transverse partial-penetra-
tion butt welds connecting V7 -in. ASTM A7 steel plates are shown
in Figs. 3 and 4. These figures show the over-all dimensions, and
details of the weld groove and weld. There were two sizes of welds,
one with a nominal penetration of 14 in. and the other with a nominal
penetration of /36 in. The depth of the groove was 1/6 in. less than
the nominal penetration-that is, 316 in. for 1 -in. penetration
Fiame-cuf and Mlachiwne .2 9R '/afe (A7 Sfee/)
-4'0
-- /'-9" >
We/di~ Groov'e
'IS
Series A-I 5 A-IL
Re/nforcement and mill sca/e on.
Series 0-I
Reinforcement machined f/ush w/ih p/afe and mi//
scale ground offO Draw-ff/ed /'7 d/recfion of /oading.
(a)- -/in. Parf/a/-Penefrafion Bulf We/ds
We/daik Groove
-~ 'T T"
7T ,
-- --- -rr
Ser/es A-LZ
Reinforcemenf and m/// sca/e on.
Series 1D-L
Reinforcement machined flush w/ih p/afe and mi//
scale ground off Draw-fi/ed/ i direcfton of i/oad/Ig.
(b)-,-in. Paritia/-Penefraf/on Buff We/ds
Fro. 3. 4-IN. AND 316-IN. PARTIAL-PENETRATION LONGITUDINAL
BUTT WELDS CONNECTING 7/--IN. A7 STEEL PLATES
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Fie
We/d/ing Groove Weld Laye-s
Series B-I 0i B-9-
Reinforcement and m/// scale on.
Series D-i_
Reinforcemenf machined flush // wih p/lae and2mi/l
scale ground off. Draw-filed in 2'/-ecfion of /oad/ing.
(a)-f-i/n. Par fla/-Penelrafion Buff Wel/ds
Series B-if
Reinforcement and m/1/ sca/e on.
Series D-27
Reinforcemenf machined flush w/th p/afe and m/ll
scale ground off. Draw-fi/ed in d/recfhon of loading.
(b)-~-/7. Partcr/-Penetraflon But We/lds
FIG. 4. 4-IN. AND %6-IN. PARTIAL-PENETRATION TRANSVERSE
BUTT WELDS CONNECTING 7/-IN. A7 STEEL PLATES
and Ys in. for 3/ 6 -in. penetration. This penetration is based on the
assumption that the fusion extended 116 in. into the base metal.
The Series B specimens described in Table 1 were examined by
X-ray for flaws. A print of a typical radiograph of a weld with the
reinforcement on is shown in Fig. 5. The radiographs indicated that
the welds were all of excellent quality.
Three values of the unit stress, all based on the same total longi-
tudinal load on the specimen, are reported for each specimen with
a transverse partial-penetration butt weld. One value is based on
the area of a transverse section of the plate adjacent to the weld;
a second value is based on the gross area of the weld using the as-
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sumed nominal penetration; the third value is based on the measured
area of the weld fracture. Only one value of the unit stress due to a
given load is reported for the specimens with longitudinal partial-
penetration butt welds. It is based on the gross area of a transverse
section of the plate.
All the above specimens were tested on a cycle in which the stress
varied from 0 to tension, the temperature of the specimens being
approximately 75 deg F for all tests except those of Series A-III and
B-III. The latter were tested at approximately -20 deg F.
FIG. 5. TYPICAL RADIOGRAPH OF BUTT WELD FOR A SPECIMEN OF SERIES B
5. Partial-Penetration Longitudinal Butt Welds
The tests of partial-penetration longitudinal butt welds involve
two series of specimens with welds and one series of specimens with-
out welds: Series A-I with 1 -in. and Series A-II with 316-in. longi-
tudinal partial-penetration butt welds; and Series P-I, plates without
welds. The specimens of both series with welds were tested at room
temperature, with the reinforcement on, and without being stress-
relieved. The specimens without welds, Series P-I, were also tested
at room temperature. The results of the fatigue tests are given in
Table 6 for Series A-I, in Table 7 for Series A-II, and in Table 8
for Series P-I. These data, plotted to a log-log scale, determine the
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TABLE 6
SERIES A-I: FATIGUE STRENGTH OF LONGITUDINAL 4 -IN. PARTIAL-PENETRATION
BUTT WELDS CONNECTING 7 8 -IN. A7 STEEL PLATES
Maximum
Specimen Tension
No. in 10 0 0 's
p.s.i.
A-16 30.0
A-17 34.0
A-21 40.0
A-23 30.0
A-26 36.0
A-27 32.0
Av
Number of
Cycles for
Failure in
1000's
2 721.7
305.6
90.7
759.8
158.1
232.4
Fatigue Strength* in
1000's p.s.i.
FlM no
38.3
39.8
37.7
34.8
37.6
F2 000ooo
30.0+
28.5
27.3
28.6+
RESULTS
Yield Strength = 38,400 p.s.i.
Ultimate Strength = 60,600 p.s.i.
Location of Fracture: 5
OF STATIC TEST-SPECIMEN A-30
Red. in Area = 29.6%
Elong. in 4 in. = 25.0%
* Stress based on a value of K equal to 0.10 as shown in Fig. 6.
S-N diagrams of Fig. 6. The static strength of the fatigue-type
specimens is given at the bottom of each of the tables for the welded
specimens. The values of K used in the determination of F 0oo 0oo and
F 000oo000 are shown in Fig. 6; they were 0.10 for Series A-I and A-II,
and 0.15 for Series P-I.
The average values of Floooo000o and F2 0o0 000 are 37,600 p.s.i. and
28,600 p.s.i. respectively for the 14 -in. partial-penetration welds of
Series A-I. The corresponding values are 36,800 p.s.i. and 26,900 p.s.i.
respectively for the fG-in. partial-penetration welds of Series AII,
and 44,500 p.s.i. and 29,500 p.s.i. for the Series P-I plates without
welds.' The average strengths for Series A-I and A-II, when combined,
are 37,200 p.s.i. and 27,750 p.s.i. for Floo ooo and F2 ooo ooo respectively.
The tests reported in Tables 6, 7, and 8 would seem to indicate
that longitudinal partial-penetration butt welds as used in the speci-
1 Values of 49,800 p.s.i. and 31,600 p.s.i. for Floo (o and F 2 ooooo are reported for similar
7-in. steel plates in Table 11, p. 23 of Univ. of Ill. Eng. Exp. Sta. Bul. 327.
Location of
Fracture
(See Sketch)
1
2
3 &3'
4
4, 2 & 3'
3'
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TABLE 7
SERIES A-II: FATIGUE STRENGTH OF LONGITUDINAL 1 6-IN. PARTIAL-PENETRATION
BUTT WELDS CONNECTING 8-IN. A7 STEEL PLATES
Maximum Number of Fatigue Strength* in 1000's p.s.i. Location of
Specimen Tension Cycles for Fracture
No. in 1000's Failure in (See Sketch)
p.s.i. 1000's Floo ooo F o oo
A-1 34.7 135.0 35.8 1
A-2 30.0 646.0 26.8 2
A-6 31.6 503.6 37.2 27.5 3
A-8 28.0 1 628.9 27.4 4
A-12 29.0 670.9t 26.0 5
A-13 34.0 264.5 37.5 6
Av 36.8 26.9
RESULTS
Yield Strength = 40,200 p.s.i.
Ultimate Strength = 62,600 p.s.i.
Location of Fracture: 7
OF STATIC TEST-SPECIMEN A-3
Red. in Area = 34.6%
Elong. in 4 in. = 40.5%
* Stress based on a value of K of 0.10 as shown in Fig. 6.
tThis specimen failed between 598,400 and 743,400 cycles; an average of 670,900 was used
for calculations.
mens shown in Fig. 3 reduced the value of Floo 0 oo by approximately
16 percent and the value of F2 ooo ooo by approximately 6 percent below
the corresponding values of the fatigue strength of similar plates
without welds but with the mill scale on. They also indicate that the
average fatigue strengths of 7 8-in. plates with 1 -in. and with /16-
in. longitudinal partial-penetration butt welds did not differ by a
significant amount.
6. Partial-Penetration Longitudinal Butt Welds:
Reinforcement .Off
The specimens used in the tests described in this section were the
same as those described in Section 5 except that the weld reinforce-
ment and mill scale were machined and ground off, and draw-filed in
the direction of loading. The tests included two series: Series D-I with
4-in. partial-penetration longitudinal butt welds, and Series D-III
with 3 6-in. partial-penetration longitudinal butt welds.
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TABLE 8
SERIES P-I: FATIGUE STRENGTH OF PLAIN SPECIMENS, 7 -IN. A7 STEEL PLATES;
MILL SCALE ON
Specimen
No.
X-1
Y-l
Z-1
X-2
Y-2
Z-2
Av
Maximum
Tension
in 1000's
p.s.i.
43.0
34.0
36.0
32.4
33.0
40.0
Number of
Cycles for
Failure in
1000's
143.3
491.1
390.2
3 635.7
655.9
244.3
Fatigue Strength* in 1000's p.s.i.
Floo oo
45.4
42.5
44.3
45.7
44.5
F2 0ooo 
27.5
28.2
32.4+
27.9
29.5+
Location of
Fracture
(See Sketch)
1
2
1
2
2
2
* Stress based on a value of K of 0.15 as shown in Fig. 6.
The results of the individual fatigue tests, given in Table 9 for
Series D-I and in Table 10 for Series D-III, determine the S-N
diagrams of Fig. 7. The value of K used in the determination of
Floo ooo and F 2 ooo o000 is 0.13 for both Series D-I and D-III. The average
values of Floo ooo and F2 ooo ooo are 41,700 p.s.i. and 28,600 p.s.i. respec-
tively for Series D-I, and 44,900 p.s.i. and 30,300 p.s.i. respectively
for Series D-III. The .corresponding values of the averages for the
two series when combined are 43,300 and 29,450 p.s.i. These values
are appreciably greater than the average values of 37,200 p.s.i. for
Flo o000 and 27,750 p.s.i. for F2 ooo ooo for Series A-I and A-II, specimens
similar to those of Series D-I and D-III except that the weld rein-
forcement and mill scale of the Series A-I and A-II specimens were
not removed. Moreover, the average values of 43,300 and 29,450
p.s.i. for Series D-I and D-III, partial-penetration longitudinal butt
welds with the reinforcement off, are very nearly the same as the
corresponding values of 44,500 and 29,500 p.s.i. respectively for
plates without welds, Series P-I of Section 5.
The tests reported in Tables 6, 7, 8, 9, and 10 and summarized
in Table 11 indicate that, for 37 -in. A7 steel plates with 4 -in. and
3
1 6-in. longitudinal partial-penetration butt welds in the as-welded
condition and with the reinforcement on, the values of Floo ooo and F 2 ooo ooo
-- ~------
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are approximately 84 and 94 percent as great respectively as the
corresponding values for similar plates without welds and with the
mill scale on. However, for 7 8-in. A7 steel plates with 1• -in. and
3{6-in. longitudinal partial-penetration butt welds not stress-relieved
40
S/0
S40
30
3o
20
•-4
'I II 'II II I 111 I" I I I I
- (,') - .S'erie A - r--in P,~rh>,/--p'nptr,•,9/-,n R./.dt U4'/d'--
I)-Seres A--, 4-in. Parli/al-PeAnefra'ton BftI Wels -
Machine did not shuf off
at fa,//ure. Pa/lure occurrea
_ _b efween S98400 and 743400.
cyc/es.
(c) -Series P-I, -117. Seel Plates Wthout Weld/s -
Dca te
6 0 /00 OO 400 /000 2000
Cyc/es for Fai/ure in Thousands
FIG. 6. S-N DIAGRAMS FOR V3-IN. AND ~%6-IN. PARTIAL-PENETRATION
LONGITUDINAL BUTT WELDS CONNECTING 7/-IN. A7 STEEL PLATES
AND FOR 7/-IN. STEEL PLATES WITHOUT WELDS
but with the reinforcement off, the values of Flo ooo and F 2 0oo0 o00 are
very nearly the same as for similar plates without welds but with the
mill scale on. The fact that the severe geometrical stress-raiser inci-
dent to the longitudinal partial-penetration weld had but little effect
upon the fatigue strength is attributed to the orientation of the
stress-raiser with respect to the direction of stress.
= , • , .. ..
-- '=0.k
-
Stress C~yc/e: Zero to Tension
Re/nforcement : On for Series A-IZjA-F
Temerature Durig7' Te'st Room I| ' l| 1 I lI I l l 111ll7
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TABLE 9
SERIES D-I: FATIGUE STRENGTH OF LONGITUDINAL Y4 -IN. PARTIAL-PENETRATION
BUTr WELDS CONNECTING 7/-IN. A7 STEEL PLATES;
REINFORCEMENT AND MILL SCALE OFF
Maximum Number of Fatigue Strength* in 1000's p.s.i. Location of
Specimen Tension Cycles for FractureNo. in 1000's Failure in (See Sketch)
p.s.i. 1000's F loo o0 F 2 e000 to
D-1 40.0 213.1 44.0 1
D-2 32.2 572.9 40.4 27.4 2
D-3 35.0 511.2 43.3 29.7 3
D-4 43.1 74.4 41.4 3
D-5 32.0 514.6 39.6 27.2 4
A-22 30.0 2 464.0 30.0+ 4
Av 41.7 28.6+
* Stress based on a value of K of 0.13 as shown in Fig. 7.
TABLE 10
SERIES D-III: FATIGUE STRENGTH OF LONGITUDINAL 16-IN. PARTIAL-PENETRATION
BUTT WELDS CONNECTING 7 -IN. A7 STEEL PLATES;
REINFORCEMENT AND MILL SCALE OFF
Maximum Number of Fatigue Strength* in 1000's p.s.i. Location of
Specimen Tension Cycles for Fracture
No. in 1000's Failure in (See Sketch)p.s.i. 1000's Fi (oN F o a0oke
D-11 36.0 574.6 45.2 30.6 1
D-12 34.0 529.9 42.3 28.6 2
D-13 43.4 219.4 48.0 2
D-14 44.8 85.5 43.9 1
D-15 32.0 1 006.0 29.3 1
A-7 34.0 1 552.0 32.9 3
Av 44.9 30.3
*Stress based on a value of K of 0.13 as shown in Fig. 7.
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REINFORCEMENT AND MILL SCALE OFF
7. Partial-Penetration Longitudinal Butt Welds
Tested at -20 Deg F
The specimens of this series, A-III, have the same geometrical
characteristics as the specimens of Series A-I (Fig. 3). The tests of
this series differ from those of Series A-I (Section 5) in that the
specimens of this series were tested at - 20 deg F while those of Series
A-I were tested at room temperature, approximately 75 deg F.
The results of the individual fatigue tests, given in Table 12,
determine the S-N diagram of Fig. 8. The dotted-line S-N diagram
of the same figure represents the results for Series A-I, a series iden-
tical with A-III except for the temperature of testing. It would
seem from the diagram of Fig. 8 that the fatigue strength of the
partial-penetration longitudinal butt welds with reinforcement on
and not stress-relieved was somewhat greater at -20 deg F than
at room temperature.
8. Partial-Penetration Transverse Butt Welds
The tests of partial-penetration transverse butt welds involved
two series: Series B-I with l 4 -in, and Series B-II with 31 6-in. trans-
verse partial-penetration butt welds. The details of the specimens
en/ PS D-1L
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TABLE 11
FATIGUE STRENGTH OF PARTIAL-PENETRATION BUTT WELDS CONNECTING
%-IN. A7 STEEL PLATES: SUMMARY OF RESULTS
Test Results Fi moo p.s.i. F20 0 p.s.i.
nao Weld Tempera-_ l l  ture in
Series Pene- Rein- Deg F Based Based Based Based
No. tra- force During upon upon upon upon
Table Figure tion, ment Test Gross Area of Gross Area of
No. No. in. Area of Weld Area of Weld
Plate Fracture Plate Fracture
Longitudinal Partial-Penetration Butt Weld
A-I 6 6 4 On Room 37 600 28 600
A-II 7 6 os On Room 36 800 26 900
D-I 9 7 V Off Room 41 700 28 600
D-III 10 7 Mi Off Room 44 900 30 300
Transverse Partial-Penetration Butt Weld
B-I 13 9 M On Room 14 300 19 900 8 000 10 800
B-II 13 9 4M On Room 12 400 24 500 6 950 12 000
D-II 14 10 M Off Room 10 700 19 500 8 400 13 900
D-IV 14 10 is Off Room 9 700 25 500 5 400 13 900
i/-in. Plate Without Weld
P-I 8 6 Room 44 500 29 500
Partial-Penetration Butt Welds Tested at -20 Deg F*
A-III 12 8 1 On -20 41 000
B-III 15 11 X - On -20 20 000 27 500
* The specimens of the A-III Series had longitudinal welds; those of the B-III Series had trans-
verse welds.
are shown in Fig. 4. For both series the specimens were tested at
room temperature, with the reinforcement on and without being
stress-relieved.
Three values of the unit stress are reported, all based upon the
total axial load on the specimen and determined in the manner
described in Section 4.
The results of the individual fatigue tests are reported in Table
13 for the specimens with 4 -in. partial-penetration and for the speci-
mens with {e-in. partial-penetration. The S-N diagrams for these
series are given in Fig. 9. The results of all tests of partial-penetration
transverse butt welds are summarized in Table 11.
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TABLE 12
SERIES A-III: FATIGUE STRENGTH OF LONGITUDINAL 4 -IN. PARTIAL-PENETRATION
BUTT WELDS CONNECTING 7 8 -IN. A7 STEEL PLATES,
TESTED AT -20 DEG F
M
in
aximum
tension
1000's
p.s.i.
43.3
40.0
38.0
33.0
Number of
Cycles for
Failure in
1000's
72.2
154.4
147.6
1 215.0+t
SFatigue Strength* in 1000's p.s.i.
Flo ooo
41.9
41.8
39.4
41.0
F 2 oo 0oo
31.6+
31.6+
Location of
Fracture
(See Sketch)
1
2
2
RESULTS OF STATIC TEST-SPECIMEN A-18
Yield Strength = 45,200 p.s.i.
Ultimate Strength = 71,400 p.s.i.
Location of Fracture: 3
Red. in Area = 13.5%
Elong. in 4 in. = 16.2%
* Stress based on values of K of 0.10 as shown in Fig. 8.
t Test discontinued. Specimen did not fail.
46
O O/ 200 400 /Od! 2000 3000
Cyc/es for Fa//ure 
in Thousana's
FIG. 8. SERIES A-III: S-N DIAGRAMS FOR ¼-IN. PARTIAL-PENETRATION
LONGITUDINAL BUTT WELDS CONNECTING 7-IN. A7 STEEL PLATES,
TESTED AT - 20 DEG F
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ILLINOIS ENGINEERING EXPERIMENT STATION
The average values for Floo ooo and F2 ooo ooo based on the area of
the fracture were 19,900 p.s.i. and 10,800 p.s.i. respectively for the
welds with a nominal penetration of 14 in. The corresponding values
are 24,500 p.s.i. and 12,000 p.s.i. respectively for the welds with a
nominal penetration of 3/6 in. The average values of Flooooo and
F2 ooo ooo for the two penetrations combined are 22,200 p.s.i. and 11,400
Cyc/es for Fa,//ere /i7 Thousands
FIG. 9. SERIES B-I AND B-II: S-N DIAGRAMS FOR 1-IN. AND %/1-IN.
PARTIAL-PENETRATION TRANSVERSE WELDS CONNECTING
7/8-IN. A7 STEEL PLATES
p.s.i. respectively. These values are based upon the area of the frac-
ture and are comparable with values of 33,100 p.s.i. and 22,500
p.s.i. respectively for a good-quality, full-penetration, transverse butt
weld in a 7 8-in. plate.1 Not only was the area of the fractured weld
metal considerably less for the partial-penetration transverse weld
than for a full-penetration transverse weld, but the unit fatigue
strength was also considerably less.
The values of Floo ooo and F 2 ooo ooo obtained by dividing the total
' Univ. of Ill. Eng. Exp. Sta. Bul. 327, Table 6, p. 17.
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load by the transverse section of the plate adjacent to the weld are
14,300 p.s.i. and 8,000 p.s.i. for the specimens with 4 -in. partial-
penetration butt welds, and 12,400 p.s.i. and 6,950 p.s.i. for the
specimens with /3 6 -in. partial-penetration butt welds, respectively.
These values are comparable with the 33,100 p.s.i. and 22,500 p.s.i.,
respectively, given in the previous paragraph for a good quality of
full-penetration butt weld. They may also be compared with values
of 44,500 p.s.i. and 29,500 p.s.i. for a %-in. plate without weld.' That
is, for a 78-in. A7 steel plate, the value of Floo ooo based on the trans-
verse section of the plate was 43 percent as great for a 1 -in. partial-
penetration transverse butt weld as it was for a full-penetration
transverse butt weld connecting similar plates. The corresponding
value for F2 ooo ooo was 36 percent. For the 3M 6-in. partial-penetration
transverse butt welds, the corresponding values were 37 percent and
31 percent for Floo ooo and F2 0oo ooo respectively. Moreover, the 4-in.
and /3 6-in. partial-penetration welds contain approximately 60 per-
cent and 50 percent as much weld metal respectively as the full-
penetration welds.
9. Partial-Penetration Transverse Butt Welds:
Reinforcement Off
The tests described in this section include two series: Series D-II
with Y4 -in, and Series D-IV with 3 1 6 -in. partial-penetration trans-
verse butt welds. These specimens differed from the specimens for
Series B-I and B-II of Section 8 in that they were tested with the
reinforcement machined and ground off, whereas the others were
tested with the reinforcement on.
The results of the individual fatigue tests, given in Table 14,
determine the S-N diagrams of Fig. 10. The values of Foo ooo and
F2 ooo 000 based on the area of the fracture of the weld are 19,500 p.s.i.
and 13,900 p.s.i. respectively for the 1 -in. partial-penetration welds,
and 25,500 p.s.i. and 13,900 p.s.i. respectively for the 3 1s-in. partial-
penetration welds. The averages for the two series are 22,500 p.s.i.
and 13,900 p.s.i. respectively. These values are comparable with
22,200 p.s.i. and 11,400 p.s.i. for similar welds with the reinforcement
and mill scale on.
The unit fatigue strength of the partial-penetration transverse
butt welds connecting 7 8-in. A7 steel plates was increased by ma-
chining off the reinforcement. However, the effective area was
reduced and the fatigue strength of the specimen as a whole was
not affected by a significant amount.
SSee Table 11, p. 26.
/
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Cyc/es for Fai/?/re i/ Thousanids
FIG. 10. SERIES D-II AND D-IV: S-N DIAGRAMS FOR 1/-IN. AND 3/16-IN.
PARTIAL-PENETRATION TRANSVERSE WELDS CONNECTING 7/-IN.
A7 STEEL PLATES; REINFORCEMENT AND MILL SCALE OFF
10. Partial-Penetration Transverse Butt Welds
Tested at -20 Deg F
The specimens for Series B-III, 1•-in. partial-penetration trans-
verse butt welds with the reinforcement on, were geometrically
identical with the specimens of Series B-I (Fig. 4). This series differs
from Series B-I (Section 8) in that the specimens of this series were
tested at -20 deg F, whereas those of Series B-I were tested at
room temperature, approximately 75 deg F. Both were tested with
the reinforcement on and without being stress-relieved.
The results of the individual fatigue tests, given in Table 15,
determine the S-N diagrams of Fig. 11. The dotted-line S-N diagrams
of the same figure represent the results of Series B-I, the series
identical with B-III except for the temperature of testing.
I
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MIom/nia/ Penefrakf/n, K=0./SI
30 eris ,^----Area of Fracture, K=0.22
ar4 .ross Area oafP/ate, K•II
Series B-"T,I lt
K
(I),
oo0 400 /000 2000 4000
Cyc/es for Failure /•7 Thousands
FIG. 11. SERIES B-III: S-N DIAGRAM FOR Y-IN. PARTIAL-
PENETRATION TRANSVERSE BUTT WELDS CONNECTING
7/-IN. A7 STEEL PLATES, TESTED AT - 20 DEG F
The limited number of tests of identical transverse 1 -in., partial-
penetration butt welds connecting 7 8-in. A7 steel plates indicated
that the fatigue strength was somewhat greater for those tested at
-20 deg F than for those tested at approximately 75 deg F.
Room
Stress Cyc/e : Zer o to Tension - - TemperatureR-ei/forcemenf :' 0l7 | -l -|
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III. TRANSVERSE SINGLE-V BUTT WELDS CONNECTING
V2 -IN. A7 STEEL PLATES
11. Description of Specimens
There were four series of fatigue tests of transverse single-V butt
welds connecting 1 2-in. A7 steel plates. These were designated as
Series F-I, F-III, H-I, and H-II. The details of the specimens and
the welding procedure are shown in Fig. 12. The specimens for the
two F series were cut from the parent plate F, and the specimens
for the two H series were cut from the parent plate H; both are
Series F-Z 2 I --i Series /-H-IT
E-60/0 Electrode E-60/2 Electrode
Reinforcemen, machm/ed f/lsh with p/ale and mi//
scale ground off. Draw-fi/ed n/ directfon of /oad'ang.
FIG. 12. SINGLE-V TRANSVERSE BUTT WELDS CONNECTING h-IN.
A7 STEEL PLATES (DETAILS OF SPECIMENS)
shown in Fig. 2. The two parent plates, however, were from the same
heat. The specimens for Series F-I and F-III were welded with E6010
electrodes, those for Series H-I and H-II with E6012 electrodes. The
weld reinforcement and the mill scale were removed from the speci-
mens of all series by the method described in Fig. 12. The specimens
of Series F-III and H-II were then stress-relieved by the "high-
temperature" method described on page 45.
The specimens of Series F-V, plain plates without welds, cut from
the parent plate F as shown in Fig. 2, were used as control specimens.
They were tested with the mill scale on.
All these above fatigue specimens were tested on a cycle in which
the stress varied from 0 to tension, the temperature of testing being
approximately 75 deg F for all tests.
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TABLE 16
SERIES F-I: FATIGUE STRENGTH OF TRANSVERSE BUTT WELDS CONNECTING 2-IN.
A7 STEEL PLATES; REINFORCEMENT AND MILL SCALE
OFF; E6010 ELECTRODE
2I---
RESULTS OF STATIC TEST-SPECIMEN F-8
Yield Strength = 36,200 p.s.i. Red. in Area = 51%
Ultimate Strength = 63,800 p.s.i. Elong. in 4 in. = 28%
Location of Fracture: 3
* Stress based on gross area of plate. K = 0.07 as shown in Fig. 13.
t This specimen failed between 420,800 and 714,200 cycles; the average-568,000-was used
for calculations.
12. Results of Tests
The results of the individual fatigue tests of transverse single-V
butt welds connecting 1 2-in. plates are given in Tables 16, 17, and
18 for Series F-I, F-III, and F-V respectively, and in Tables 19
and 20 for Series H-I and H-II. The data from these tests, plotted
to a log-log scale, determine the S-N diagrams of Figs. 13, 14, and 15.
The value of K for each series is given on the diagram for that series.
A summary of the average values of the fatigue strengths for the
various series is presented in Table 21.
The values of the fatigue strength of welded specimens with the
weld reinforcement and mill scale off, summarized in Table 21, are
the basis for the following statements.
The average of the values of Floo o00 for Series F-I and H-I, speci-
mens that had not been stress-relieved, was 36,850 p.s.i. The corre-
sponding average value for similar specimens that had been stress
relieved by the high-temperature method, Series F-III and H-II, is
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TABLE 17
SERIES F-III: FATIGUE STRENGTH OF TRANSVERSE BUTT WELDS CONNECTING •-
IN. A7 STEEL PLATES, STRESS-RELIEVED BY THE HIGH-TEMPERATURE
METHOD; REINFORCEMENT AND MILL SCALE OFF; E6010 ELECTRODE
____ 
p- ' I^ -S ~'^
Number of
Cycles for
Failure in
10 0 0 's
1 185.2
556.0t
3 154.81
275.4
3 890.5
34.0 538.6
39.0 172.7
Fatigue Strength* in 1000's p.s.i.
Flow 00
35.9
39.9
40.2
41.2
39.3
F2 00 oo
30.4
26.4
28.0+
31.0+
29.5
29.1+
RESULTS OF STATIC TEST-SPECIMEN F-24
Yield Strength = 32,900 p.s.i. Red. in Area = 30%
Ultimate Strength = 56,800 p.s.i. Elong. in 4 in. = 26%
Location of Fracture: 1
* Stress based on gross area of plate. K = 0.10 as shown in Fig. 13.
tThis specimen failed between 458,400 and 652,800 cycles; the average-556,000-was used
for calculations.
: Specimen did not fail.
38,050 p.s.i., a value 3.3 percent greater. The average of the values
of F 2 o000 oo for the same specimens that had not been stress-relieved
is 27,700 p.s.i.; the corresponding average value for the seven speci-
mens that had been stress-relieved is 30,150 p.s.i., a value 8.8 per-
cent greater. For all these specimens the reinforcement and mill scale
had been removed. Apparently the high-temperature method of
stress-relieving had no very significant effect on the fatigue strength
of these welded specimens with the reinforcement off.
The average of the values of Fioo oo for the specimens that had
been welded with an E6010 electrode, Series F-I and F-III, is 37,450
p.s.i. The corresponding average value for the specimens that had
been welded with an E6012 electrode, Series H-I and H-II, is like-
wise 37,450 p.s.i. The average of the values of F2 o00 ooo for the same
specimens that had been welded with an E6010 electrode is 29,000
p.s.i. The corresponding average value for the specimens that had
Maximum
Tension*
in 1000's
p.s.i.
32.0
30.0
28.0
36.0
31.0
Specimen
No.
F17
F18
F19
F20
F21
F22
F23
Av
Location of
Fracture
(See Sketch)
1
1
2
2
2
2
--~-
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TABLE 18
SERIES F-V: FATIGUE STRENGTH OF PLAIN SPECIMENS, I2-IN. A7 STEEL PLATES
Maximum Number of Fatigue Strengtht in 1000's p.s.i. Location of
Specimen Tension Cycles for Fracture
No. in 1000's Failure in (See ch)
p.s.i. 1000's Fi( e F2 Sk
FP1 36.0 1 902.2 35.8 1
FP2 32.0 3 744.6* 32.0+
FP3 37.0 817.9 33.4 2
FP4 43.7 413.0 50.4 37.2 2
FP5 47.8 100.7 47.8 1
FP6 35.0 3 586.0 35.0+ 1
FP7 34.0 4 677.6* 34.0+
Av 49.1 34.7+
RESULTS OF STATIC TEST-SPECIMEN FP-8
Yield Strength = 34,700 p.s.i. Red. in Area = 50%
Ultimate Strength = 58,500 p.s.i. Elong. in 4 in. = 45%
Location of Fracture: 3
* Specimen did not fail.
t Stress based on value of K = 0.10 as shown in Fig. 14.
been welded with an E6012 electrode is 28,850 p.s.i. Apparently,
single-V transverse butt welds connecting l 2-in. A7 steel plates had
very much the same fatigue strength whether they were welded with
E6010 or with E6012 electrodes.
Previous fatigue tests of butt welds connecting 1 2-in., %-in., and
7s-in. plates were reported in University of Illinois Engineering
Experiment Station Bulletins 310, 327, and 344. As an indication of
the effect of the plate thickness upon the fatigue strength of butt-
weld joints with the reinforcement machined off, the results of the
tests of Series F-I, F-III, H-I, and H-II are compared in Table 22
with results reported in former bulletins. These values indicate that
the plate thickness had no significant effect on the strength of the
joints in the three plate thicknesses listed, and in the types of joints
listed. The average fatigue strengths for the joints in 12-, 3•-, and
7
8-in. plates not stress-relieved and with the weld reinforcement re-
moved are 27,700, 27,900, and 27,300 p.s.i. respectively. The average
strengths for the same type of joint stress-relieved are 30,100 and
27,800 p.s.i. for l 2-in. and 7 8 -in. plates respectively.
TABLE 19
SERIES H-I: FATIGUE STRENGTH OF TRANSVERSE BUTT WELDS CONNECTING Y2-IN.
A7 STEEL PLATES; REINFORCEMENT AND MILL SCALE OFF;
E6012 ELECTRODE
Ze /?
Specimen
No.
H1
12
H3
14
H5
H6
H7
Av
Maximum
Tension
in 1000's
p.s.i.
34.0
40.0
30.0
32.0
28.0
26.0
33.0
Number of
Cycles for
Failure in
1000's
184.7
136.0
999.6
246.5
879.5
2 892.0*
388.7
Fatigue Strengtht in 1000's p.s.i.
Flsooo
36.6
41.5
35.7
38.8
38.1
F 2 o0 00
27.6
25.3
26.0+
27.1
26.5+
Location of
Fracture
(See Sketch)
1
1
1
1
1
1
RESULTS OF STATIC TEST-SPECIMEN H-8
Yield Strength = 35,300 p.s.i. Red. in Area =51%
Ultimate Strength = 60,100 p.s.i. Elong. in 4 in. = 32%
Location of Fracture: 2
* Specimen did not fail.
t Stress based on gross area of plate. K = 0.12 as shown in Fig. 15.
TABLE 20
SERIES H-II: FATIGUE STRENGTH OF TRANSVERSE BUTT WELDS CONNECTING Y 2 -IN.
A7 STEEL PLATES, STRESS-RELIEVED BY THE HIGH-TEMPERATURE METHOD;
REINFORCEMENT AND MILL SCALE OFF; E6012 ELECTRODE
3 f-1
Specimen
No.
H9
H10
Hll
H12
H13
H14
Av
Maximum
Tension*
in 1000's
p.s.i.
34.0
39.1
30.0
32.0
36.0
34.0
Number of
Cycles for
Failure in
1000's
238.8
82.8
2 005.2
563.7
606.3
1 000.1
Fatigue Strength* in 1000's p.s.i.
F2 M sM
30.0
29.3
33.1
32.6
31.2
Location of
Fracture
(See Sketch)
1
2
2
2
3
RESULTS OF STATIC TEST-SPECIMEN H-16
Yield Strength = 35,200 p.s.i.
Ultimate Strength = 58,100 p.s.i.
Location of Fracture: 4
Red. in Area = 51%
Elong. in 4 in. = 37%
* Stress based on gross area of plate. K = 0.07 as shown in Fig. 15.
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FIG. 13 (ABOVE). SERIES F-I AND F-III: S-N DIAGRAMS FOR SINGLE-V
TRANSVERSE BUTT WELDS CONNECTING %-IN. A7 STEEL PLATES.
E6010 ELECTRODE. REINFORCEMENT AND MILL SCALE OFF.
WITH AND WITHOUT STRESS-RELIEVING
FIG. 14 (BELOW). SERIES F-V: S-N DIAGRAM FOR %-IN.
A7 STEEL PLATES WITHOUT WELD
Table 23 presents a similar tabulation of the fatigue strength of
butt-weld joints with the reinforcement on. In this table the joints
in the 1-in. plate appear to be slightly stronger, but the difference
is not significant. The effect of stress relieving was to increase the
fatigue strength of the joint slightly. The largest increase in fatigue
strength, however, is due to the removal of the weld reinforcement,
which while removing weld metal also decreases the geometrical stress-
raiser caused by the weld reinforcement.
I- lK=O/.lO
r Mac1hine d/d not sh1 t off
a t fai/ure. F'a//lre occurreda
bet'een 458 400 and 652 8
cucles.. I I I I I
I - -I
Stress' Ct/c/e. "
Zero to Tension.
STempera/ture Durin7g Test:
A'oom
'K.
/0,
4,
I
2• /.
- -(a)-Series F -I-Vo Stress Relieving
- - - - --e did not sh/f off -
at fai/ure. Fai/ire occurred
- -- -- etween 420 800 and 7/4 200 -
cyc/es.
(b)-Ser/es FP-TT-Stress Re//eved
I I I I I by HI/h-Temperature Method
4000O
o
0
'0
0
5
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FIG. 15. SERIES H-I AND H-II: S-N DIAGRAMS FOR SINGLE-V
TRANSVERSE BUTT WELDS CONNECTING 
1
s-IN. A7 STEEL
PLATES. E6012 ELECTRODE. REINFORCEMENT AND MILL
SCALE OFF. WITH AND WITHOUT STRESS-RELIEVING
TABLE 21
SUMMARY OF RESULTS: FATIGUE STRENGTH OF SINGLE-V TRANSVERSE BUTT
WELDS CONNECTING Y2-IN. A7 STEEL PLATES
Nrie Description of Specimen i
m F. si. K
F-I Reinforcement and Mill Scale Off. 35 600 28 900 0.07
E6010 Electrode. Not Stress-Relieved
F-III Reinforcement and Mill Scale Off. 39 300 29 100+ 0.10
E6010 Electrode. Stress-Relieved by
High-Temperature Method
F-V Plain n-in. A7 Steel Plate. Mill Scale 49 100 34 700+ 0.10
On
H-I Reinforcement and Mill Scale Off. 38 100 26 500+ 0.12
E6012 Electrode. Not Stress-Relieved
H-II Reinforcement and Mill Scale Off. 36 800 31 200 0.07
E6012 Electrode. Stress-Relieved by
High-Temperature Method
8 -- '-- ---
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TABLE 22
FATIGUE STRENGTH OF TRANSVERSE BUTT-WELD JOINTS IN PLATES OF VARIOUS
THICKNESSES; REINFORCEMENT MACHINED OFF
Reference
Bl. Page Table
310 18 5
327 21 9
327 22 10
327 20 8
Series F-I
Series F-III
Series H-I
Series H-II
Type of
Weld
Single-V
Single-U
Single-U
Single-U
Single-V
Single-V
Single-V
Single-V
Stress- Weld
Relieved Reinf.
No Off
Yes Off
No Off
No Off
No Off
Yes Off
No Off
Yes Off
TABLE 23
FATIGUE STRENGTH OF TRANSVERSE BUTT-WELD JOINTS IN PLATES OF VARIOUS
THICKNESSES; REINFORCEMENT ON
Plate Reference
Line Thick- Type of Stress-
ness, Weld Relieved
in. Bul. No. Page Table
1 2 327 60 26 Single-V No
2 4 310 18 5 Single-V* No
3 % 310 18 5 Single-V No
4 V 310 18 5 Single-V* Yes
5 4 310 18 5 Single-V Yes
6 % 327 17 6 Single-U No
7 % 327 19 7 Single-U Yes
8 % 344 17 4 Single-U No
9 % 344 16 3 Double-V No
10 % 344 18 5 Double-V No
11 % 344 75 17 Double-V No
12 V 344 * 75 18 Double-V No
13 % 344 76 19 Double-V No
* Automatic-welded; all others hand-welded.
t Each value is the average for a series, usually consisting of three tests.
Weld
Reinf.
On
On
On
On
On
On
On
On
On
On
On
On
On
Fatigue
Strength in
p.s.i.
F2ootoo
26 400
22 800
21 800
25 800
23 200
22 500
23 700
21 500
21 100
21 200
23 100
21 300
22 200
Line
1
2
3
4
5
6
7
8
Plate
Thick-
ness,
in.
34
%
V8
12
12
Y2
¾
y-t
Fatigue
Strength in
p.s.i. (Stress
Cycle 0 to
tension)
2 o oo o
27 900
27 800
26 300
28 400
28 900
29 100
26 500
31 200
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IV. LONGITUDINAL SINGLE-V BUTT WELDS CONNECTING
l2-IN. A7 STEEL PLATES
13. Description of Specimens
There were eight series of tests of longitudinal single-V butt welds
connecting l 2-in. A7 steel plates, designated as G-I to G-VI inclu-
sive, and H-III and H-IV. All specimens were welded with E6010
electrodes, and all tests were made at approximately 75 deg F. All
specimens for the G series were cut from one plate; all specimens
for the H series, from a second plate. Both plates were from the same
heat. The location of the specimens in the parent plate is shown in
Fig. 2. The details of the specimens and the welding procedures are
shown in Fig. 16. The specimens for Series G-I, G-II, G-III, and
H-III were tested with the reinforcement on. However, for specimens
of Series G-IV, G-V, G-VI, and H-IV, the reinforcement and mill
scale were removed by machining, and the surfaces were polished.
All these specimens were tested on a cycle in which the stress
varied from 0 to tension, the temperature of the specimens being
approximately 75 deg F for all tests. The specimens of Series G-II and
G-V were stress-relieved by the "high-temperature" stress-relieving
method, the specimens of Series G-III and G-VI were stress-re-
lieved "mechanically," and the specimens of Series H-III and H-IV
were stress-relieved by the "low-temperature" method.
The three stress-relieving methods are described in the following
paragraphs.
"High-Temperature" Stress-Relieving Method
a. The specimens were placed in a furnace at room temperature,
and the temperature of the furnace was raised at an arbitrary rate
to 300 deg F.
b. The temperature of the furnace was then raised at the rate of
200 deg F per hr until a temperature of 1150 deg F was attained.
c. The temperature of the furnace was held at 1150 deg F for
30 min.
d. The heat of the furnace was then cut off and the furnace was
allowed to cool to 300 deg F at a rate of approximately 200 deg per
hr with the door closed.
e. The furnace doors were then opened, and the specimens were
removed when they had cooled to a temperature convenient for
handling.
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"Low-Temperature" Stress-Relieving Method
The specimens stress-relieved by the low-temperature method
were heated symetrically on each side of the weld with 2-in. wide
flame priming heads. These were located 5 in. on centers, and traveled
in the longitudinal direction of the specimens. This heated bands 2
in. wide along the outer edges of the plate without heating the weld.
An air-water spray was applied 6 in. back of the advancing flames.
The speed of travel was approximately 20 in. per min for the ad-
vancing flames. The temperature observed with Tempilstiks applied
on the underside of the plates indicated a 350 deg F heat-band
113{6 in. wide and a 400 deg F heat-band 12 in. wide.
14- r-3* 
_
1 .4
Series G-Z, G-, G-ZT H-T
Reinforcement and m,// scale on.
Series G-ZII G-6-Y G-LZ af H-S?
9Reeforcemen# machined f/lus/ wifh p/vlae and mi//
scale ground off. Draw-fi/ed kin ia'recflon of loadi'ng.
FIG. 16. SINGLE-V LONGITUDINAL BUTT WELD CONNECTING %-IN.
A7 STEEL PLATES (DETAILS OF SPECIMENS)
"Mechanical" Stress-Relieving Method
The specimens subjected to the mechanical stress-relieving method
were pulled in tension to a plastic elongation of 0.009 in. per in.
The sequence of operations for fabricating the specimens of the
stress-relieved series is given in Table 24.
14. Results of Tests: Effect of Stress-Relieving
The results of the fatigue tests for Series G-I, G-II, G-III, and
H-III, welds with the reinforcement on, are given in Tables 25-28.
The S-N diagrams for the same series are given in Fig. 17. The
results of the fatigue tests for Series G-IV, G-V, G-VI, and H-IV,
TABLE 24
SEQUENCE OF OPERATIONS AFTER WELDING FOR PREPARATION
OF STRESS-RELIEVED SPECIMENS
Series
No.
H-II
H-III
H-IV
G-II
G-III
G-V
G-VI
F-III
Operation Number
Flame cut to
approximate
shape
Low-tempera-
ture stress-
relieving
Low-tempera-
ture stress-
relieving
Flame cut to
approximate
shape
Mechanical
stress-
relieving
Machine off
reinforcement
Mechanical
stress-
relieving
Flame cut to
approximate
shape
2
High-tempera-
ture stress-
relieving
Saw-cut to
approximate
shape
Saw-cut to
approximate
shape
High-tempera-
ture stress-
relieving
Saw-cut to
approximate
shape
Flame cut to
approximate
shape
Saw-cut to
approximate
shape
High-tempera-
ture stress-
relieving
3
Machine
to shape
Machine
to shape
Machine
to shape
Machine
to shape
Machine
to shape
High-tempera-
ture stress-
relieving
Machine
to shape
Machine
to shape
4
Machine off
reinforcement
Machine off
reinforcement
Machine
to shape
Machine off
reinforcement
Machine off
reinforcement
TABLE 25
SERIES G-I: FATIGUE STRENGTH OF LONGITUDINAL BuTT WELDS CONNECTING
-IN. A7 STEEL PLATES; E6010 ELECTRODE
Maximum Number of Fatigue Strength* in 1000's p.s.i. Location of
Specimen Tension Cycles for FractureNo. in 1000's Failure in (See Sketch)
p.s.i. 1000's Fo10 000 F2 coo 00S
G1 32.0 280.6 37.3 1
G2 34.0 254.8 39.2 2
G3 28.0 681.9 23.8 1
G4 30.7 357.1 37.2 23.2 3
G5 27.0 1 490.7 25.8 2
G6 26.0 1 288.9 24.3 4
G7 37.0 172.3 40.2 1
Av 38.5 24.3
RESULTS OF STATIC TEST-SPECIMEN G-8
Yield Strength = 43,700 p.s.i. Red. in Area = 30%
Ultimate Strength = 64,300 p.s.i. Elong. in 4 in. = 21%
Location of Fracture: 5
* Stress based on gross area of plate. K = 0.15 as shown in Fig. 17.
TABLE 26
SERIES G-II: FATIGUE STRENGTH OF LONGITUDINAL BUTT WELDS CONNECTING
2-IN. A7 STEEL PLATES, STRESS-RELIEVED BY THE HIGH-
TEMPERATURE METHOD; REINFORCEMENT ON
Maximum Number of Fatigue Strength* in 1000's p.s.i. Location of
Specimen Tension Cycles for Fracture
No. in 1000's Failure in (See Sketch)
p.s.i. 1000's Floo ooo F2 w ooo
G9 30.0 840.4 26.6 1
G10 34.0 448.0 42.0 2
G11 36.0 160.9 38.6 3
G12 27.0 1 023.4 24.6 3
G13 39.0 128.4 40.4 3
G14 27.0 1 349.7 25.6 2
Av 40.3 26.1
RESULTS OF STATIC TEST--SPECIMEN G-16
Yield Strength = 40,100 p.s.i. Red. in Area = 49%
Ultimate Strength = 61,000 p.s.i. Elong. in 4 in. = 42%
Location of Fracture: 4
* Stress based on gross area of plate. K = 0.14 as shown in Fig. 17.
TABLE 27
SERIES G-III: FATIGUE STRENGTH OF LONGITUDINAL BUTT WELDS CONNECTING
2 -IN. A7 STEEL PLATES, STRESS-RELIEVED BY THE MECHANICAL
METHOD; REINFORCEMENT ON
Maximum Number of Fatigue Strength* in 1000's p.s.i. L
Specimen Tension* Cycles for Fractureof
No. in 1000's Failure in (See Sktc
p.s.i. 1000's F o F ooo ooSketch)
G17 43.5 89.2 42.8 1
G18 34.0 327.5 39.6 27.0 1
G19 32.0 726.8 28.3 2
G20 38.2 123.0 39.5 2
G21 30.0 1 255.5 28.3 2
G22 32.0 955:4 29.2 2
G23 30.0 594.3 37.7 25.8 1
Av 39.9 27.7
RESULTS OF STATIC TEST-SPECIMEN G-24
Yield Strength = 45,400 p.s.i. Red. in Area = 24%
Ultimate Strength = 64,800 p.s.i. Elong. in 4 in. = 17%
Location of Fracture: 1
* Stress based on gross area of plate. K = 0.13 as shown in Fig. 17.
I~ I I ·I
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TABLE 28
SERIES H-III: FATIGUE STRENGTH OF LONGITUDINAL BUTT WELDS CONNECTING
2-IN. A7 STEEL PLATES, STRESS-RELIEVED BY THE LOW-
TEMPERATURE METHOD; REINFORCEMENT ON
I J I I
Maximum Number of Fatigue Strength* in 10 00 's p.s.i. L
Specimen Tension* Cycles for Location of
No. in 1000's Failure in (See Skech)
ps.i. 10 0 0's Fo oee Sketch)
H18 40.0 568.4 55.6 31.5 1
H19 42.0 321.7 52.4 29.7 2
H20 46.0 60.2 41.7 3
H21 28.0 2 190.3 28.0+ 3
H22 28.0 1 531.9 26.6 2
H23 30.0 760.0 25.0 1
Av 49.9 28.2
RESULTS OF STATIC TEST-SPECIMEN H-24
Yield Strength = 43,000 p.s.i. Red. in Area = 36%
Ultimate Strength = 65,500 p.s.i. Elong. in 4 in. = 33%
Location of Fracture: 4
* Stress based on gross area of plate. K = 0.19 as shown in Fig. 17.
welds with the reinforcement off, are given in Tables 29-32. The
S-N diagrams for these latter series are given in Fig. 18.
The values of the fatigue strength given in Tables 25-32 are
summarized in Table 33. The average values for the specimens with
the reinforcement on are given in the upper part of the table, the
average values for the specimens with the reinforcement off are given
in the middle part, and the averages of the two sets of values are
given in the lower part. The results of the static tests are given in the
right-hand part of the same table. The fatigue and static strengths are
expressed in p.s.i. and also in percentages of the corresponding
strength of the specimens that were not stress-relieved.
The values of the fatigue strength given in Table 33 are, in general,
the averages from three tests in each of four categories: Floo0 0o and
F2 ooo ooo for both reinforcement on and reinforcement off. The averages
for these four categories, expressed in percentages of the values for
the welds not stress-relieved, are given in the bottom group of
Column 7, the values for the specimens not stress-relieved being 100.
The following statements are based on the values in this group.
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FIG. 17. S-N DIAGRAMS SHOWING EFFECT OF STRESS-RELIEVING ON
LONGITUDINAL SINGLE-V BUTT WELDS CONNECTING 1/2-IN.
STEEL PLATES WITH REINFORCEMENT ON (SERIES
G-I, G-II, G-III, AND H-III)
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TABLE 29
SERIES G-IV: FATIGUE STRENGTH OF LONGITUDINAL BUTT WELDS CONNECTING
14-IN. A7 STEEL PLATES; REINFORCEMENT AND MILL SCALE OFF
Maximum Number of Fatigue Strengtht in 1000's p.s.i.
Specimen Tension Cycles for Fracture
o f
No. in 1000's Failure in (See Sketc
p.s.i. 1000's Flo o F(See ketch)
G25 32.0 754.5 25.6 3
G26 40.0 421.0 55.7 28.0 1
G27 28.0 683.2 21.9 2
G28 45.0 147.4 49.2 1
G29 30.0 495.7 43.3 21.8 3
G30 25.0 2 350.1* 25.0+
G31 35.0 790.8 28.3 2
Av 49.3 25.3+
RESULTS OF STATIC TEST-SPECIMEN G-32
Yield Strength = 42,600 p.s.i. Red. in Area = 34%
Ultimate Strength = 63,800 p.s.i. Elong. in 4 in. = 34%
Location of Fracture: 2
* Specimen did not fail.
t Stress based on gross area of plate. K = 0.23 as shown in Fig. 18.
TABLE 30
SERIES G-V: FATIGUE STRENGTH OF LONGITUDINAL BUTT WELDS CONNECTING
2-IN. A7 STEEL PLATES, STRESS-RELIEVED BY THE HIGH-TEMPERATURE
METHOD; REINFORCEMENT AND MILL SCALE OFF
Maximum Number of Fatigue Strength* in 1000's p.s.i. Location of
Specimen Tension* Cycles for FractureNo. in 1000's Failure in (See Sketch)
p.s.i. 10 0 0's FI ooo F2 oo oS)o
G33 40.0 527.1 49.6 33.6 1
G34 34.0 1 167.1 31.7 1
G35 47.0 118.0 48.0 2
G36 32.0 2 665.1t 32.0+
G37 42.9 156.8 45.5 2
G38 42.0 337.0 49.2 33.3 1
Av 48.3 32.6+
RESULTS OF STATIC TEST-SPECIMEN G-40
Yield Strength = 37,400 p.s.i. Red. in Area = 46%
Ultimate Strength = 59,700 p.s.i. Elong. in 4 in. = 42%
Location of Fracture: 3
* Stress based on gross area of plate. K = 0.13 as shown in Fig. 18.
t Specimen did not fail.
I I 1
TABLE 31
SERIES G-VI: FATIGUE STRENGTH OF LONGITUDINAL BUTT WELDS CONNECTING
2-IN. A7 STEEL PLATES, STRESS-RELIEVED BY THE MECHANICAL
METHOD; REINFORCEMENT AND MILL SCALE OFF
Maximum Number of Fatigue Strength* in 1000's p.s.i. Location of
Specimen Tension* Cycles for Fracture
No. in 10 0 0 's Failure in (See Sketch)
p.s.i. 1000's Fw ooo F Sketch)
G41 32.0 1 216.7 30.2 1
G42 36.0 1 416.8 34.5 1
G44 30.0 1 938.2 29.9 2
G45 36.0 826.0 32.3 1
G46 44.2 168.9 47.0 3
G47 46.6 41.7 42.0 1
Av 44.5 31.5
RESULTS OF STATIC TEST-SPECIMEN G-48
Yield Strength = 45,100 p.s.i. Red. in Area = 25%
Ultimate Strength = 66,600 p.s.i. Elong. in 4 in. = 21%
Location of Fracture: 4
* Stress based on gross area of plate. K = 0.12 as show, in Fig. 18.
TABLE 32
SERIES H-IV: FATIGUE STRENGTH OF LONGITUDINAL BUTT WELDS CONNECTING
1 2-IN. A7 STEEL PLATES, STRESS-RELIEVED BY THE Low-
TEMPERATURE METHOD; REINFORCEMENT OFF
Maximum Number of Fatigue Strength* in 1000's p.s.i. Location of
Specimen Tension* Cycles for FractureNo. in 1000's Failure in (See Sketch)
p.s.i. 1000's Flo (o F2 oo o
H25 49.0 70.6 47.1 1
H26 47.0 54.6 44.0 2
H27 45.0 173.1 47.8 2
H28 33.0 1 597.5 32.1 1
H29 33.0 1 900.2 32.8 1
H30 35.0 1 227.5 33.2 3
H31 47.0 91.1 46.5 2
Av 46.3 32.7
RESULTS OF STATIC TEST-SPECIMEN H-32
Yield Strength = 40,800 p.s.i. Red. in Area = 40%
Ultimate Strength = 62,700 p.s.i. Elong. in 4 in. = 36%
Location of Fracture: 3
* Stress based on gross area of plate. K = 0.11 as shown in Fig. 18.
I ~i ,I
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The average fatigue strength for the various specimens with longi-
tudinal butt welds connecting 2-in. A7 steel plates had the following
relative values: not stress-relieved, 100.0; stress-relieved by the high-
temperature method, 109.8; stress-relieved by the mechanical method,
108.2; stress-relieved by the low-temperature method, 117.6. These
values are averages from three' or more specimens with the rein-
forcement on and an equal number of specimens with the reinforce-
ment off. They are also for average values of F 0oo 000 and an equal
number of average values of F2 oo o000.
The static yield point, given in the lower right-hand corner of
Table 33, had the following relative values: not stress-relieved,
100.0; stress-relieved by the high-temperature method, 89.8; stress-
relieved by the mechanical method, 104.9; stress-relieved by the
low-temperature method, 97.1. The static ultimate strengths had the
following relative values: not stress-relieved, 100.0; stress-relieved
by the high-temperature method, 94.3; stress-relieved by the me-
chanical method, 102.6; and stress-relieved by the low-temperature
method, 100.1.
The limited number of tests reported in Table 33 appear to indi-
cate that the average values of the fatigue strengths of the butt welds
connecting l 2-in. A7 steel plates are generally somewhat greater for
the stress-relieved specimens than for those not stress-relieved. This
statement applies to specimens stress-relieved by all three methods,
but the differences in the averages are somewhat greater for speci-
mens stress-relieved by the low-temperature method than for similar
specimens stress-relieved by the other methods. However, there is
at least one category for each stress-relieving method for which the
fatigue strength, the average of three tests, is lower for the stress-
relieved specimens than it is for the specimens not stress-relieved.
Further, values of the fatigue strength of welded joints manufac-
tured as nearly as possible under the same conditions vary through
a considerable range. This being true, variations in the fatigue
strength of the order of 10 percent cannot be considered significant.
It would seem, therefore, that the only definite conclusion which
can be drawn from the data in Table 33 is that stress-relieving for
the specimens reported did not in general decrease the fatigue strength
but probably increased it somewhat, possibly more for the low-tem-
perature method than for the others.
1 In one instance, values from only two specimens were averaged.
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V. SUMMARY OF RESULTS
The tests reported in this bulletin appear to justify the fol-
lowing statements.
1. For Y7 -in. A7 steel plates connected with /3 6 -in. and 4 -in.
longitudinal partial-penetration butt welds in the as-welded condi-
tion and with the reinforcement on, the value of Floo ooo was approxi-
mately 84 percent as great and the value of F2 0oo 0oo was approximately
94 percent as great as the corresponding values for similar plates
without welds but with the mill scale on. However, for %-in. A7 steel
plates with 3%1 -in. and M-in. longitudinal partial-penetration butt
welds not stress-relieved but with the reinforcement off, the values
of Floo o00 and F2 ooo ooo were very nearly the same as for similar plates
without welds but with the mill scale on.
2. For 7%-in. A7 steel plates connected with transverse partial-
penetration butt welds in the as-welded condition and with the rein-
forcement on, the value of F1oo 0 oo based on the transverse section of
the plate was 43 percent as great for a M-in. partial-penetration
transverse butt weld as it was for a full-penetration transverse butt
weld connecting similar plates. The corresponding value for F2 o00 0oo
was 36 percent. For 3 6f-in. partial-penetration transverse butt welds,
the corresponding values were 37 percent and 31 percent for Foo 00ooo
and F2 00o 0oo respectively.
3. For Y7 -in. A7 steel plates connected with M-in. and /3 6-in.
transverse partial-penetration butt welds, the unit fatigue strength
based on the area of the fracture was increased by machining off
the reinforcement. However, the effective area was reduced and
the fatigue strength of the specimen as a whole was not affected by
a significant amount.
4. For %-in. A7 steel plates connected with either 4 -in. trans-
verse or M-in. longitudinal partial-penetration butt welds with the
reinforcement on, a limited number of tests of geometrically identical
specimens indicated that the fatigue strength was somewhat greater
for those tested at - 20 deg F than it was for those tested at approxi-
mately 75 deg F.
5. Values of the fatigue strength of %-in. A7 steel plates con-
nected with either longitudinal or transverse partial-penetration butt
welds with 3 1 6-in. and M-in. nominal penetration are summarized
in Table 11, p. 26.
6. For 2-in. A7 steel plates connected with transverse single-V
butt welds with the reinforcement and mill scale off:
a. The fatigue strength was only slightly increased by relieving
the stress by the high-temperature method.
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b. There was no significant difference between the fatigue
strengths of specimens welded with E6010 electrodes and those
welded with E6012 electrodes.
7. The limited number of tests reported in Table 33 appear to
indicate that the average values of the fatigue strength of the butt
welds connecting 2-in. A7 steel plates are generally somewhat
greater for the stress-relieved specimens than for the specimens not
stress-relieved. This statement applies to specimens stress-relieved
by all three methods, but the differences in the averages are some-
what greater for specimens stress-relieved by the low-temperature
method than for similar specimens stress-relieved by the other
methods. However, there is at least one category for each stress-
relieving method for which the fatigue strength, the average of three
tests, is lower for the stress-relieved specimens than it is for the
specimens not stress-relieved. Further, values of the fatigue strength
of welded joints manufactured as nearly as possible under the same
conditions vary through a considerable range. This being true, varia-
tions in the fatigue strength of the order of 10 percent cannot be con-
sidered significant. It would seem, therefore, that the only definite
conclusion which can be drawn from the data in Table 33 is that
stress-relieving for the specimens reported did not in general decrease
the fatigue strength but probably increased it somewhat, possibly
more for the low-temperature method than for the others.
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Steel, by D. Morkovin and O. Sidebottom. 1947. Forty cents.
373. History of Building Foundations in Chicago, by R. B. Peck. 1948. Thirty cents.
374. The Free Surface Around, and Interference Between, Gravity Wells, by H. E.
Babbitt and D. H. Caldwell. 1948. Free upon request.
375. Studies of Slab and Beam Highway Bridges: Part II-Tests of Simple-Span
Skew I-Beam Bridges, by N. M. Newmark, C. P. Siess, and W. M. Peckham.
1948. Free upon request.
376. Highspeed Freight Train Resistance: Its Relation to Average Car Weight, by
John K. Tuthill. 1948. Free upon request.
377. Flexural Fatigue Strength of Steel Beams, by W. M. Wilson. 1948. Twenty cents.
378. An Investigation of Creep, Fracture, and Bending of Lead and Lead Alloys for
Cable Sheathing-Series 1946, by C. W. Dollins. 1948. Free upon request.
379. Non-Pressure Treatments of Round Northern White Cedar Timbers with Creo-
sote, by E. E. King. 1948. Free upon request.
380. Fatigue Strength of Fillet-Weld, Plug-Weld, and Slot-Weld Joints Connecting
Steel Structural Members, by W. M. Wilson, W. H. Munse, and W. H.
Bruckner. 1949. Sixty cents.
381. An Investigation of the Backwater Profile for Steady Flow in Prismatic Chan-
nels, by W. M. Lansford and W. D. Mitchell. 1949. Free upon request.
382. The Fatigue Strength of Various Details Used for the Repair of Bridge Mem-
bers, by W. M. Wilson and W. H. Munse. 1949. Free upon request.
ILLINOIS ENGINEERING EXPERIMENT STATION
3o. Bulletins (Continued)
383. Progress Report on Performance of a One-Pipe Heating System in the I = B = R
Research Home, by W. S. Harris. 1949. Twenty-five cents.
384. Fatigue Strength of Various Types of Butt Welds Connecting Steel Plates, by
W. M. Wilson, W. H. Munse, and I. S. Snyder. 1949. Free upon request.
385. Moments in Two-Way Concrete Floor Slabs, by C. P. Siess and N. M. Newmark.
1950. Free upon request.
Mo. Circulars
48. Magnetron Oscillator for Instruction and Research in Microwave Techniques,
by J. T. Tykociner and L. R. Bloom. 1944. Twenty cents.
49. The Drainage of Airports, by W. W. Horner. 1944. Twenty-five cents.
50. Bibliography of Electro-Organic Chemistry, by S. Swann, Jr. 1948. Fifty cents.
51. Rating Equations for Hand-Fired Warm-Air Furnaces, by A. P. Kratz, S. Konzo,
and J. A. Henry. 1945. None available.
52. The Railroad Dynamometer Car of the University of Illinois and the Illinois
Central Railroad, by J. K. Tuthill. 1947. Free upon request.
53. Papers Presented at the Seventh Short Course in Coal Utilization, held at the
University of Illinois, September 17-19, 1946. 1948. One dollar.
54. Papers Presented at the First Short Course on Hot Water and Steam Heating
Systems, held at the Undergraduate Division, University of Illinois, Navy
Pier, Chicago, September 9-11, 1947. 1948. Fifty cents.
55. Contributions to Proceedings of the Second International Conference on Soil
Mechanics and Foundation Engineering. 1949. Free upon request.
56. Papers Presented at the First Annual Short Course on Industrial Packaging and
Materials Handling, held in Chicago, October 4-7, 1948. 1949. None available.
so. Reprints
29. Second Progress Report of the Investigation of Shelly Spots in Railroad Rails,
by R. E. Cramer. 1944. Free upon request.
30. Second Progress Report of the Investigation of Fatigue Failures in Rail Joint
Bars, by N. J. Alleman. 1944. Free upon request.
31. Principles of Heat Treating Steel, by H. L. Walker. 1944. None available.
32. Progress Reports of Investigation of Railroad Rails and Joint Bars, by H. F.
Moore, R. E. Cramer, N. J. Alleman, and R. S. Jensen. 1945. Free upon
request.
33. Progress Report of the.Effect of the Ratio of Wheel Diameter to Wheel Load on
Extent of Rail Damage, by N. J. Alleman. 1945. Ten cents.
34. Progress Report of the Joint Investigation of Methods of Roadbed Stabilization,
by R. B. Peck. 1946. Fifteen cents.
35. Progress Reports of Investigation of Railroad Rails and Joint Bars, by R. E.
Cramer, N. J. Alleman, and R. S. Jensen. 1946. Free upon request.
36. Electro-Organic Chemical Preparations: Part III, by S. Swann, Jr. 1947.
Fifteen cents.
37. Progress Reports of Investigation of Railroad Rails and Joint Bars, by R. E.
Cramer, N. J. Alleman, and R. S. Jensen. 1947. Thirty cents.
38. Second Progress Report of the Investigation of Methods of Roadbed Stabiliza-
tion, by R. Smith, R. B. Peck, and T. H. Thornburn. 1947. Fifteen cents.
39. Progress Reports of Investigation of Railroad Rails and Joint Bars, by R. E.
Cramer and R. S. Jensen. 1948. Fifteen cents.
40. Third Progress Report of the Investigation of Methods of Roadbed Stabiliza-
tion, by R. Smith. 1948. Fifteen cents.
41. Phase-Sensitive Indicating Devices, by H. C. Roberts. 1948. Fifteen cents.
42. First Progress Report of a Laboratory Investigation of Roadbed Stabilization,
by R. B. Peck. 1949. Free upon request.
43. Progress Reports of Investigation of Railroad Rails, Joint Bars, and Manganese
Steel Castings, by R. E. Cramer and R. S. Jensen. 1949. Free upon request.
44. Present Status of the Development of Hand-Fired Smokeless Coal Heaters, by
J. R. Fellows. 1949. Free upon request.
45. Highway Bridge Floors, by F. E. Richart, N. M. Newmark, and C. P. Siess.
1949. Free upon request.
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